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Abstract 

Background  Although the oral health status has improved in developed countries in recent years, oral diseases 
are still unequally distributed across socio-economic groups. Research on the impact of socio-economic factors 
on oral health care among older adults in Europe, including Portugal, remains limited. The main aim of this study 
was to investigate the association between socio-economic factors and oral health indicators in Portuguese older 
adults.

Methods  This retrospective cross-sectional study analyzed data from 915 participants (aged 65 years and older) 
from the third wave (2015–2016) of the Epidemiology of Chronic Diseases Cohort Study (EpiDoC), a population-
based study. Socio-economic and demographic information, general health-related characteristics and oral health 
data (prosthetic need, oral hygiene frequency, and last dental procedure) were collected by questionnaire. Multivari-
ate logistic and multinomial regression models analyzed the associations between socio-economic factors and oral 
health indicators.

Results  Participants with lower education level, perceived lower income and a fewer number of private sector 
appointments were more likely to have poor oral health (need for prosthetic treatment, less frequent oral hygiene, 
and tooth extraction as last dental procedure). Other factors found to be associated with oral health were sex, age, 
geographical area, smoking habits, and body mass index.

Conclusions  Socio-economic factors were associated with oral health in Portuguese older adults. These findings 
may contribute to future national public health strategies by expanding oral health services to ensure better access 
and coverage for at-risk groups.
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Background
The number of older people worldwide has been increas-
ing over the last few decades and is expected to continue 
to grow in the future. By 2050, the number of people in 
the world aged 60 and over will have doubled [1]. In the 
Portuguese context, according to the latest data evaluated 
in 2021, older adults represent 23.4% of the total popula-
tion [2]. Addressing the needs of this age group, particu-
larly in terms of health care, is therefore a priority [1–3].

According to recent reports, oral health is a critical 
and often neglected area of healthy ageing that requires 
increased attention [1, 3]. The most common oral con-
ditions in older adults are untreated caries, periodontal 
disease, tooth loss, xerostomia, and precancerous or can-
cerous conditions of the oral cavity [4]. In addition, there 
is strong evidence of a link between oral and systemic 
health, with oral diseases being associated with diabe-
tes, musculoskeletal, cardiovascular, cerebrovascular, 
and respiratory diseases. This highlights the importance 
of regular use of oral health services by older adults for 
oral diseases prevention and early treatment of identified 
problems [3, 5].

Although the oral health status has improved in devel-
oped countries in recent years, oral diseases are still 
unequally distributed across socio-economic groups [6]. 
In addition, socio-economic inequalities in access to oral 
health services are often more pronounced than for gen-
eral health services. Socio-economic factors such as edu-
cational attainment and household income are important 
determinants of oral health, as the literature reports 
that oral health progressively deteriorates from higher 
to lower socio-economic status [7–12]. The inclusion of 
oral health care in public health insurance packages has 
shown potential to reduce these disparities, although this 
practice is not yet widespread [13–15].

In Portugal, although efforts have been made to expand 
public coverage through the Portuguese Oral Health Pro-
gramme launched in 2005, oral health services provided 
by the National Health Services, including public hos-
pitals and health centers, are still limited and may have 
contributed to the poor oral health care of older indi-
viduals. Moreover, the fact that oral health services are 
predominantly provided in the private sector, mainly paid 
for out-of-pocket or by private health insurance, further 
exacerbates these challenges [16, 17].

Research on the impact of socio-economic factors on 
the oral health care of older adults in Europe, including 
Portugal, remains limited. To the best of our knowledge, 
there are no studies in Portugal that focus exclusively on 
the socio-economic aspects of oral health in older adults, 
a vulnerable group that requires special attention. Con-
ducting comprehensive studies is crucial to identify the 
main determinants of access to health care and to define 

policies aimed at minimizing inequalities [10, 14, 18]. 
Therefore, the main purpose of the present study was to 
investigate the association between socio-economic fac-
tors and oral health indicators in Portuguese older adults. 
Secondarily, we intended to associate some general 
health-related characteristics with oral health.

Methods
Study design and participants
This retrospective cross-sectional study was integrated 
into the Epidemiology of Chronic Diseases Cohort Study 
(EpiDoC), a population-based study designed to inves-
tigate health determinants and outcomes, chronic non-
communicable diseases, and their impact on health 
resource consumption. The EpiDoC cohort enrolled non-
institutionalized adults (≥ 18  years old) living in main-
land Portugal and its islands, who were willing and able 
to communicate, understand, and sign informed consent. 
Recruitment was stratified by regional socio-demographic 
characteristics to ensure that the sample was representa-
tive of the national population. Thus, the EpiDoC study 
included a sample of 10,661 individuals, representative of 
the adult Portuguese population since 2011, who answered 
to a structured questionnaire in a face-to-face interview by 
trained research assistants at baseline, signed the informed 
consent for follow-up, and provided their telephone num-
ber to be contacted in the subsequent follow-up evalua-
tions (EpiDoC 2 and EpiDoC 3) [19, 20].

Data for this study were collected as part of EpiDoC 
3, which was conducted between 1st September 2015 
and 28th July 2016 and included 5,653 participants, rep-
resenting 55.7% of those included in the first wave. Of 
these, individuals ≥ 65 years of age were selected for the 
current study (n = 915) and answered a semi-structured 
questionnaire by telephone. This study followed the 
Strengthening Reporting of Observational Studies in Epi-
demiology (STROBE) guidelines [21].

Data colletion
Socio‑economic and demographic characteristics
Socio-economic and demographic data were collected in 
EpiDoC 1 and confirmed in the follow-up waves. Some 
variables were converted into categorical variables (age 
and education level), and some were recategorized (mari-
tal status and employment status) in order to organize 
the data and ensure optimal interpretation.

The questionnaire included information regarding 
sex (female; male), age (then converted into age groups: 
65–74; 75–84; ≥ 85  years), education level (≤ 4  years; 
5–9  years; ≥ 10  years) and region of residence (accord-
ing to the Nomenclature of Territorial Units for Statistics 
– NUTS II: North, Centre, Lisbon, Alentejo, Algarve, and 
Islands: Azores and Madeira). Other variables included 
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marital status, categorized as “with partner” (married or 
consensual union) or “without partner” (single, divorced, or 
widowed), employment status (retired or other—employed, 
unemployed), income perceptions (“Which of the following 
best describes your current feelings about your household 
income? Living comfortably with the present income; Liv-
ing with the present income; Finding it difficult to live with 
the present income; Finding it very difficult to live with the 
present income”) and the number of appointments in the 
private or public sector in the previous year.

From these variables, we consider education level, 
income perception, and the number of private sector 
appointments as the main exposures evaluated in our study.

General health‑related characteristics
Smoking habits were collected and classified according to 
a semi-quantitative scale: never smoked, past smoker, or 
current smoker (occasionally/daily). Then, self-reported 
height and weight were collected, and body mass index 
(BMI) was calculated and categorized according to the 
nutritional status as < 18.49 kg/m2 (underweight), 18.50–
24.99  kg/m2 (healthy weight) and ≥ 25.00  kg/m2 (over-
weight) [22]. Finally, information on diagnosed diabetes 
was also collected using a dichotomous variable (yes/no).

Oral health indicators (Dependent variables)
The EpiDoC 3 study included self-reported oral health 
questions, such as prosthetic needs in edentulous areas 
(yes/no), oral hygiene frequency (specifically, tooth 
brushing) (< 2x/day/ ≥ 2x/day) and last dental procedure 
(routine; tooth extraction; other treatment). We consid-
ered participants to have “poor oral health” if they needed 
prosthetic treatment, brushed their teeth less than twice 
a day, or if their last dental procedure was a tooth extrac-
tion, as these factors have already been described in other 
studies as risk indicators of poor oral health [13, 23, 24].

Data analysis
We performed a descriptive analysis of the study sam-
ple for socio-economic, demographic factors and general 
health characteristics, considering oral health indicators 
(prosthetic needs, frequency of oral hygiene and last dental 
procedure). Categorical variables were presented as abso-
lute and relative frequencies, and continuous variables as 
mean and standard deviation (SD). Independence hypoth-
eses were tested to compare groups with oral health indi-
cators according to their socio-economic, demographic, 
and general health-related characteristics using non-par-
ametric tests. Categorical variables were compared using 
Chi-squared tests, while continuous variables were com-
pared using Kruskal–Wallis tests due to the non-normality 
of the distribution of observations within groups.

Finally, three socio-economic factors that are often 
related (education level, income perception and num-
ber of private sector appointments attended) were ana-
lyzed separately to understand the individual association 
of each with oral health indicators [10, 11, 14]. Logistic 
regression models were calculated to assess the associa-
tion between these three socio-economic factors and oral 
health data. A multinomial approach was used for out-
comes with more than two categories. Two models were 
then constructed, model 1 adjusted for sex and age (as 
these were possible confounders), and model 2, using a 
forward selection method, comparing the models using 
likelihood ratio tests, further including statistically sig-
nificant variables (p ≤ 0.25) to avoid premature exclusion 
of potentially important variables [25]. At the end of this 
process, only smoking habits and BMI were included as 
further adjustments in model 2. For the last dental proce-
dure, only model 1 was considered as there was no litera-
ture evidence to support further adjustment. Odds ratio 
(OR) and relative risk ratio (RRR) were estimated for each 
variable with a 95% confidence interval (95% CI). Missing 
data for the independent variables were less than 15%, so 
imputation methods were not used. The results were ana-
lyzed in terms of “poor oral health”, defined as the need 
for prosthetic treatment, oral hygiene frequency less than 
twice a day or the last dental procedure being a tooth 
extraction. All analyses were performed using STATA​Ⓡ 
v17 (StataCorp: College Station, Texas, TX, USA: Stata-
Corp LP), considering a significance level of 0.05.

Results
The mean age of the 915 participants was 74.3 (± 6.7) 
years. Female participants represented 63.1%) of the 
sample. The socio-economic, demographic and general 
health characteristics of the study participants in relation 
to the oral health variables are shown in Table 1.

Univariate analysis showed that the sex of the partici-
pants was associated with oral health outcomes, spe-
cifically prosthetic need (p < 0.001) and oral hygiene 
frequency (p < 0.001) with women presenting higher fre-
quencies for no prosthetic need and better oral hygiene 
frequency. Higher age was significantly associated with 
less frequent oral hygiene and with tooth extraction as 
the last dental procedure (p = 0.034 and p = 0.026, respec-
tively). Region of residence (NUTS II) had a significant 
association with oral hygiene frequency (p < 0.001), and 
the highest proportion of participants with more fre-
quent oral hygiene were from Lisbon (n = 140, 25.2%). 
However, marital status and employment status did not 
show a significant association with oral health variables 
(p > 0.05).
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In terms of socio-economic characteristics, educa-
tion level showed significant associations with some oral 
health indicators, as the majority of those with four years 
of education or less had poorer oral hygiene frequency 
(n = 293, 83.5%, p < 0.001) and had extraction as last den-
tal procedure (n = 143, 81.2%, p < 0.001). In addition, 
the income perception variables also showed significant 
associations with prosthetic needs (p = 0.030) and last 
dental procedure (p < 0.001), with those “living comfort-
ably” with their income having fewer prosthetic needs 
(n = 77, 13.6%) and more routine appointments (n = 34, 
19.3%). Participants who had a higher mean of attend-
ance at private sector appointments had better oral 
health outcomes in terms of prosthetic needs (no need) 
(mean = 1.41 ± 3.11, p = 0.09), oral hygiene frequency 
(brushing ≥ 2x/day) (mean = 1.52 ± 3.18, p < 0.001) and 
last dental procedure (routine) (mean = 2.03 ± 3.18, 
p < 0.001) compared with the ones with higher mean of 
attendance at public sector appointments (Table 1).

When considering general health-related character-
istics, smoking habits were associated with the need for 
prosthetic treatment (p = 0.023). BMI was significantly 
associated with oral hygiene frequency (p = 0.006), with 
overweight individuals having less oral hygiene frequency 
(n = 157, 55.3%) (Table 1).

Association between education level and oral health
Participants with 5–9  years of education had lower 
odds of needing prosthetic treatment than those with 
less education (≤ 4 years) (model 2, OR = 0.47; 95% CI: 
0.26–0.85). Although not significant, the association 

was also negative for years of education ≥ 10 (model 2, 
OR = 0.71; 95% CI: 0.38–1.32).

Participants with more years of education (≥ 10  years) 
were less likely to brush their teeth < 2x/day (model 1, 
OR = 0.25; 95% CI: 0.14–0.43), even after further adjust-
ment for smoking habits and BMI (model 2, OR = 0.31; 
95% CI: 0.18–0.55). Considering model 2, partici-
pants ≥ 10  years of education were 3.23 times more 
likely (1/0.31) to brush their teeth ≥ 2x/day than those 
with ≤ 4  years of education. These participants were 
also more likely to have routine appointments (model 2, 
RRR = 5.96; 95% CI: 2.74–12.99) or other appointments 
(model 2, RRR = 4.25; 95% CI: 1.72–10.49), compared with 
tooth extraction as their last dental procedure (Table 2).

Association between income perception and oral health
Participants with a higher perceived income (“living 
comfortably with the present income”) were less likely 
to need a prosthetic treatment (model 2, OR = 0.29; 
95% CI: 0.13–0.62), less likely to brush < 2x/day (model 
2, OR = 0.46; 95% CI: 0.25–0.86), and were also more 
likely to have had a routine appointment rather than 
an extraction as their last dental procedure (model 1, 
RRR = 5.55; 95% CI: 2.22–13.85), compared with those 
living with severe difficulties (Table 3).

Association between number of private sector 
appointments and oral health
We found an association between the number of pri-
vate sector appointments and the need for prosthetic 

Table 2  Association between the education level and oral health

Model 1 adjusted for sex and age. Model 2 further adjusted for smoking habits and BMI

≤ 4 years considered as the reference group 

OR Odds Ratio, RRR​ Relative Risk Ratio, Ref Reference

Education level
OR (95% CI)

n  ≤ 4 years 5–9 years ≥10 years
Prosthetic need
  Model 1 736 Ref 0.45 (0.26–0.79) 0.67 (0.37–1.21)

  Model 2 625 Ref 0.47 (0.26–0.85) 0.71 (0.38–1.32)

Brushing < 2x/day
  Model 1 906 Ref 0.46 (0.30–0.70) 0.25 (0.14–0.43)

  Model 2 767 Ref 0.49 (0.31–0.76) 0.31 (0.18–0.55)

RRR (95% CI)
Last dental procedure
  Model 1 439

  Tooth extraction – Ref - - -
  Routine Ref 1.88 (1.04–3.40) 5.96 (2.74–12.99)

  Other treatments Ref 2.25 (1.14–4.43) 4.25 (1.72–10.49)
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treatment (model 1, OR = 0.90; 95% CI: 0.82–0.99), the 
odds of brushing their teeth < 2x/day (model 2, OR = 0.92; 
95% CI: 0.86–0.98) and a positive association concern-
ing the risk of having routine appointments (model 1, 
RRR = 1.19; 95% CI: 1.07–1.32) and other treatments 
compared with extractions (model 1, RRR = 1.17; 95% CI: 
1.04–1.31) (Table 4).

Discussion
As far as we know, this is the first study carried out in Por-
tugal to assess oral health inequalities focusing on older 
adults. Our findings support the hypothesis that socio-
economic factors, specifically education level, income 
perception and number of private sector appointments, 
are risk factors for oral health in the ageing population. 
We also found an association between geographical area 
of residence and oral health outcomes. Finally, general 

health characteristics, such as smoking habits and BMI, 
were associated with oral health indicators.

The literature has shown that the analysis of indica-
tors, such as educational level, employment status and 
income, are important in assessing the socio-economic 
status of the population, covering different aspects of 
social stratification. Thus, the association of socio-eco-
nomic and demographic characteristics with oral health 
indicators allows the identification of relevant risk fac-
tors influencing access to oral health services [11, 14, 16]. 
Furthermore, socio-economic inequalities in oral health 
represent a major challenge for health policies, as reduc-
ing the burden of access to oral health care in disadvan-
taged groups offers great potential for improving the oral 
health status of the population [14, 17].

Concerning education level, most of the participants in 
this study had a low level of education (4 years or less). It 

Table 3  Association between the income perception and oral health

Model 1 adjusted for sex and age. Model 2 further adjusted for smoking habits and BMI

“Very difficult to live with the present income” considered as the reference group

OR Odds Ratio, RRR​ Relative Risk Ratio, Ref Reference

OR (95% CI)
Perception with the present income

n Very difficult to 
live

Difficult to live Living Living comfortably

Prosthetic need
Model 1 727 Ref 0.68 (0.41–1.12) 0.50 (0.30–0.83) 0.30 (0.14–0.62)

Model 2 619 Ref 0.58 (0.33–1.04) 0.48 (0.27–0.83) 0.29 (0.13–0.62)

Brushing < 2x/day
Model 1 766 Ref 0.97 (0.63–1.49) 0.67 (0.44–1.02) 0.50 (0.29–0.88)

Model 2 760 Ref 0.80 (0.49–1.32) 0.54 (0.33–0.87) 0.46 (0.25–0.86)

RRR (95% CI)
Last dental procedure
Model 1 435

  Tooth extraction – Ref Ref - - -

  Routine Ref 0.78 (0.36–1.72) 2.94 (1.26–5.94) 5.55 (2.22–13.85)

  Other treatments Ref 1.62 (0.70–3.76) 1.33 (0.57–3.06) 2.77 (0.92–8.27)

Table 4  Association between the number of private sector appointments and oral health

Model 1 adjusted for sex and age. Model 2 further adjusted for smoking habits and BMI

OR Odds Ratio, RRR​ Relative Risk Ratio, Ref Reference

Number of private sector appointments
n Model 1 OR (95% CI) n Model 2 OR (95% CI)

Prosthetic need 629 0.90 (0.82–0.99) 534 0.92 (0.94–1.01)

Brushing < 2x/day 772 0.90 (0.83–0.96) 653 0.92 (0.86–0.98)

Model 1 RRR (95% CI) Model 2 RRR (95% CI)
Last dental procedure 384

Tooth extraction – Ref - -

Routine 1.19 (1.07–1.32) -

Other treatments 1.17 (1.04–1.31) -
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is important to note that Portugal had a dictatorship that 
lasted 48 years, ending in 1974. At that time, compulsory 
education was 3  years for women and 4  years for men. 
In addition, most families had to choose between send-
ing their children to work to contribute to the household 
income or to study. Only the most privileged had access 
to higher education. This historical fact may explain 
why most of the participants analyzed had four years of 
education or less [16, 26]. In this sense, a lower level of 
education is associated with greater misunderstanding of 
health communication and, consequently, poor percep-
tion of and compliance with health care, which affects 
the overall health status and leads to an increased risk 
of oral problems, as we can confirm by our results [11, 
13, 14]. However, these findings contrast with those of 
Andrade et al. (2020), who found no significant associa-
tion between educational level and the use of dental ser-
vices in Portugal [14]. Nevertheless, we cannot compare 
our results with this study because we assessed the rea-
son for the last dental visit and not the use of oral health 
services.

The reason for the last dental visit was mainly routine 
for participants with higher levels of education. The level 
of literacy determines the personal awareness of seeking 
oral health care, the need for routine dental services and 
the knowledge of the best practices for oral diseases pre-
vention, leading to a lower prevalence of oral conditions, 
such as dental caries, tooth loss and edentulism. In addi-
tion, education influences income level, which increases 
the likelihood of seeking oral health care in the private 
sector [11, 14, 27, 28].

As mentioned above, most of the dental care services 
in Portugal are provided by the private sector. Although 
there are agreements between private clinics and health 
insurance companies, part of the amount is still paid by 
the patient. Therefore, the Portuguese Oral Health Pro-
gramme was launched in 2005 as a major public health 
initiative to reduce inequalities. In 2008, this programme 
introduced dental vouchers for children, adolescents, 
pregnant women, elderly people with low socio-eco-
nomic status, and patients with human immunodefi-
ciency virus, or suspected oral cancer. These vouchers 
provide free access to a range of dental services, includ-
ing preventive care, restorations, endodontic treatment, 
and extractions. The number of vouchers varies by group, 
for example, the elderly have access to two vouchers per 
year for dental appointments [16, 17, 29]. On the other 
hand, the financial crisis of 2007–2008 limited access to 
private oral health services, although attempts have been 
made to integrate dentists into the National Health Sys-
tem. Notwithstanding, the number of affiliated health 
centers where dentists can work remains low, further 
limiting access to dental care, with notoriously long 

waiting lists. This means that only some older adults have 
access to more affordable oral health care and inequali-
ties in access to oral health persist [16, 29, 30].

Consistent with other studies, we found that a higher 
mean of private sector appointments was more likely to 
be associated with having edentulous areas rehabilitated 
with prosthetic treatment, having better oral hygiene 
frequency and routine at the last dental visit, as a con-
sequence of easier access to the private sector for those 
with higher socio-economic status [16, 17, 30, 31].

The mean age of the participants of this study was 
74.3 years, and the majority were female, which is in line 
with other studies in Portugal and is explained by the 
higher life expectancy of the female sex [2, 23]. Although 
older women tend to report poorer oral health outcomes 
[32], in this study, we found that women were more likely 
to have better oral health indicators, which has been 
often linked to their greater health perception of the 
impact of oral health on their quality of life and adher-
ence to preventive health behaviours [23]. Therefore, this 
may indicate that these behaviours may not be sufficient 
to fully address other factors influencing their reporting 
of oral health status, such as oral health literacy [33].

Consistent with other reports, the mean age was higher in 
participants with less frequent oral hygiene. This result may 
be explained by the fact that older participants may find it 
more difficult to maintain their oral hygiene frequency, as 
cognitive and functional impairment tends to increase with 
age. The mean age was also higher for those who had a tooth 
extraction as their last dental procedure, suggesting that the 
increased difficulty in mobility associated with ageing may 
also be a factor in older adults attending more appointments 
for tooth extraction or urgent problems and fewer routine 
appointments as they get older [23, 34, 35].

Our findings suggested that participants from Lisbon, 
which is the capital of Portugal and a predominantly 
urban area, also had a better oral hygiene frequency, 
compared to other regions of the country. This result is 
supported by the literature, as several studies show that 
rural areas have fewer preventive practices, while urban 
areas have more health capital, resulting in better access 
to health care and higher levels of education and, conse-
quently, literacy [8, 23, 35]. Furthermore, loneliness and 
isolation are problems associated with the older popula-
tion living in rural areas and it has also been reported an 
association between social isolation and the presence of 
fewer teeth in the mouth and non-rehabilitated edentu-
lous patients, probably because of the importance of facial 
expression and the mouth in conveying emotions [23, 35].

In line with other studies, our results confirm the exist-
ence of an association between smoking habits and BMI 
and oral health indicators, as smoking and obesity are 
risk factors already linked to poor oral health and oral 
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diseases, such as periodontal disease and dental caries [8, 
36–39]. In addition, BMI has been associated with oral 
hygiene, which supports the findings of our study [36].

However, we did not find an association between any of 
the oral health indicators and diabetes, probably because 
this chronic disease is more closely associated with peri-
odontal disease, which may be a consequence of poor 
oral health behaviours, although it has a multifactorial 
etiology [3, 5, 8].

Our results should be analyzed with caution, as some 
limitations should be mentioned. This study did not 
include other indicators of oral health and it is possi-
ble that important dimensions of socio-economic ine-
qualities were not present. We recommend that future 
studies on this subject include other indicators, such 
as self-reported number of teeth, the reason for tooth 
extraction at last dental procedure, other oral hygiene 
behaviours (e.g., interproximal cleaning), self-perceived 
oral health, or clinical indicators. The inclusion of new 
variables would help to explore and define which are 
the factors that need more attention among Portuguese 
older adults, allowing the development of oral health 
programmes to help improve literacy in this age group.

It is also important to note that due to the cross-sec-
tional design of the study, it is not possible to establish 
causal relationships between socio-economic data and 
oral health outcomes. In addition, the use of relatively 
old data may also be a limitation of this work. However, 
since the time of the survey, there is no evidence of rel-
evant changes in the oral health indicators of Portuguese 
older adults or in policies aimed at changing the behav-
iour of this population. Furthermore, to the best of our 
knowledge, there are no more recent studies in Portugal 
on this subject or with such a large sample covering dif-
ferent geographical areas of the country. Therefore, we 
believe that our findings are relevant to the current Por-
tuguese context.

Conclusions
Based on our findings, we conclude that lower levels of 
education, perceived lower income and lower attendance 
at private sector appointments are factors that are more 
likely to lead to poor oral health in Portugal. Other fac-
tors found to be associated with oral health were sex, age, 
geographical area, smoking habits, and body mass index.

As a final remark, the results of this retrospective 
study have allowed the identification of some target 
groups that need higher literacy of specific preventive 
measures and better access to oral health services. Our 
study intends to contribute to future national public 
health strategies for the prevention of oral diseases and 
the expansion of oral health services to ensure better 
coverage of older adults.

Abbreviations
BMI	� Body mass index
CI	� Confidence interval
EpiDoC	� Epidemiology of chronic diseases cohort study
NUTS II	� Nomenclature of Territorial Units for Statistical purposes, Nomen-

clatura das Unidades Territoriais para Fins Estatísticos
OR	� Odds ratio
Ref	� Reference
RRR​	� Relative risk ratio

Acknowledgements
NOVA Medical School and Egas Moniz School of Health & Science are 
acknowledged for scientific and logistical support. We also thank Foundation 
for Science and Technology, I.P., under the project UIDB/04585/2020 and the 
EpiDoc Unit and the EpiReumaPt team for the design and implementation of 
the main research project.

Authors’ contributions
ICS, HC, ACM and MP designed the study. ICS and DGL performed the analyses. 
ICS, GDC and DGL drafted the manuscript. JJM, MP, ACM and HC critically revised 
the manuscript. All authors read and approved the final version of the manuscript.

Funding
The EpiDoC project was granted by the Public Health Initiatives Programme 
(PT06) and financed by the EEA Grants Financial Mechanism 2009–2014. Also, 
by national funds through the FCT—Foundation for Science and Technology, 
I.P., under the project UIDB/04585/2020. The funders were not involved in 
study design, data collection, analysis, interpretation of data, writing of this 
article, or the decision to submit it for publication.

Data availability
The data underlying this article were provided with permission from the Epi-
Doc Unit of NOVA Medical School. The datasets analyzed in the current study 
are available from the corresponding author on reasonable request, with the 
permission of the group leaders of the EpiDoc Unit.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the tenets of the Declara-
tion of Helsinki, as revised in Fortaleza in 2013. The EpiDoC study was 
approved by the Ethics Committee of the NOVA Medical School and the 
Portuguese Data Protection Authority (Comissão Nacional de Proteção 
de Dados). Details of the ethical aspects of the EpiDoC study have been 
described in a previous report [20]. The secondary analysis of the present 
study was approved by the Ethics Committee of the NOVA Medical School 
(n.79/2020/CEFCM). All participants provided written informed consent for 
all phases of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Egas Moniz Center for Interdisciplinary Research (CiiEM), Egas Moniz School 
of Health & Science, Almada, Portugal. 2 EpiDoC Unit, NOVA Medical School, 
Faculdade de Ciências Médicas, Universidade Nova de Lisboa, Lisbon, Portu-
gal. 3 Comprehensive Health Research Center (CHRC), NOVA Medical School, 
Universidade Nova de Lisboa, Lisbon, Portugal. 4 Division of Oral Rehabilitation, 
Department of Dental Medicine, Karolinska Institutet, Huddinge, Sweden. 
5 Department of Dentistry, Ingá University Center, Uningá, Paraná, Brazil. 

Received: 22 May 2024   Accepted: 10 December 2024



Page 10 of 10Santos et al. BMC Public Health         (2024) 24:3505 

References
	1.	 World Health Organization: Ageing and health. https://​www.​who.​int/​

news-​room/​fact-​sheets/​detail/​ageing-​and-​health 2022. Accessed 19 
May 2024.

	2.	 Instituto Nacional de Estatística: Censos 2021 - XVI Recenseamento Geral 
da População. VI Recenseamento Geral da Habitação: Resultados defini-
tivos. https://​www.​ine.​pt/​xurl/​pub/​65586​079 2022. Accessed 19 May 2024.

	3.	 Dörfer C, Benz C, Aida J, Campard G. The relationship of oral health 
with general health and NCDs: a brief review. Int Dent J. 2017;67:14–8. 
https://​doi.​org/​10.​1111/​idj.​12360.

	4.	 Chan AKY, Tamrakar M, Jiang CM, Lo ECM, Leung KCM, Chu C-H. Com-
mon medical and dental problems of older adults: a narrative review. 
Geriatrics (Basel). 2021;6(3):76. https://​doi.​org/​10.​3390/​geria​trics​60300​76.

	5.	 Liljestrand JM, Havulinna AS, Paju S, Männistö S, Salomaa V, Pussinen 
PJ. Missing teeth predict incident cardiovascular events, diabetes, and 
death. J Dent Res. 2015;94(8):1055–62. https://​doi.​org/​10.​1177/​00220​
34515​586352.

	6.	 Schwendicke F, Dörfer CE, Schlattmann P, Page LF, Thomson WM, Paris 
S. Socio-economic inequality and caries: A systematic review and 
meta-analysis. J Dent Res. 2015;94(1):10–8. https://​doi.​org/​10.​1177/​
00220​34514​557546.

	7.	 Steele J, Shen J, Tsakos G, Fuller E, Morris S, Watt R, et al. The interplay 
between socio-economic inequalities and clinical oral health. J Dent 
Res. 2014;94(1):16–26. https://​doi.​org/​10.​1177/​00220​34514​553978.

	8.	 Kim DW, Park JC, Rim TT, Jung UW, Kim CS, Donos N, et al. Socio-eco-
nomic disparities of periodontitis in koreans based on the KNHANES IV. 
Oral Dis. 2014;20(6):551–9. https://​doi.​org/​10.​1111/​odi.​12168.

	9.	 Henshow MM, Karpas S. Oral Health Disparities and Inequities in Older 
Adults. Dent Clin North Am. 2021;65(2):257–73. https://​doi.​org/​10.​
1016/j.​cden.​2020.​11.​004.

	10.	 Fagundes MLB, Amaral Júnior OLD, Menegazzo GR, Bastos LF, Hugo 
FN, Abreu LG, et al. Pathways of socio-economic inequalities in self-
perceived oral health. Braz Oral Res. 2022;36:e088. https://​doi.​org/​10.​
1590/​1807-​3107b​or-​2022.​vol36.​0088.

	11.	 Capurro DA, Davidsen M. Socio-economic inequalities in dental 
health among middle-aged adults and the role of behavioral and 
psychosocial factors: evidence from the Spanish National Health 
Survey. Int J Equity Health. 2017;16(1):34. https://​doi.​org/​10.​1186/​
s12939-​017-​0529-7.

	12.	 Da Mata L, Azevedo A, Pereira M. Socio-economic inequalities in oral 
health-related behaviors in 18-year-old adolescents: A cross-sectional 
study. J Int Soc Prev Community Dent. 2021;11(6):703–11. https://​doi.​
org/​10.​4103/​jispcd.​JISPCD_​184_​21.

	13.	 Batista MJ, Lawrence HP, de Sousa MDLR. Oral health literacy and oral 
health outcomes in an adult population in Brazil. BMC Public Health. 
2017;18(1):60. https://​doi.​org/​10.​1186/​s12889-​017-​4443-0.

	14.	 Andrade F, Antunes J, Andrade F, Lima-Costa M, Macinko J. Education-
related inequalities in dental services use among older adults in 23 
Countries. J Dent Res. 2020;99(12):1341–7. https://​doi.​org/​10.​1177/​
00220​34520​935854.

	15.	 Murakami K, Ohkubo T, Nakamura M, Ninomiya T, Ojima T, Shirai K, 
et al. Socio-economic inequalities in oral health among middle-aged 
and elderly Japanese: NIPPON DATA2010. J Epidemiol. 2018;28(Suppl 
3):S59–65. https://​doi.​org/​10.​2188/​jea.​JE201​70247.

	16.	 Simões J, Figueiredo Augusto G, do Céu A, Ferreira MC, Jordão M, 
Calado R, et al. Ten years since the 2008 introduction of dental vouch-
ers in the Portuguese NHS. Health Policy. 2018;122(8):803–807. https://​
doi.​org/​10.​1016/j.​healt​hpol.​2018.​07.​013.

	17.	 Kravitz A, Bullock A., Cowpe J., Barnes E. EU Manual of Dental Practice 
2015 (Ed 5.1). Council of European Dentists; 2015.

	18.	 Simões J, Augusto GF, Fronteira I, Hernández-Quevedo C. Portugal: 
health system review. Health Syst Transit. 2017;19(2):1–184.

	19.	 Rodrigues AM, Gregório MJ, Sousa RD, Dias SS, Santos MJ, Mendes JM, 
et al. Challenges of Ageing in Portugal: Data from the EpiDoC Cohort. 
Acta Med Port. 2018;31(2):80–93. https://​doi.​org/​10.​20344/​amp.​9817.

	20.	 Rodrigues AM, Gouveia N, da Costa LP, Eusébio M, Ramiro S, Machado 
P, et al. EpiReumaPt- the study of rheumatic and musculoskeletal dis-
eases in Portugal: a detailed view of the methodology. Acta Reumatol 
Port. 2015;40(2):110–24.

	21.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vanden-
broucke JP; STROBE Initiative. Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement: guidelines 
for reporting observational studies. BMJ. 2007;335(7624):806–8. https://​
doi.​org/​10.​1136/​bmj.​39335.​541782.​AD.

	22.	 Weir CB, Classification JABMI, Points PACO. In: StatPearls. Treasure Island 
(FL): StatPearls Publishing; 2024.

	23.	 Santos J, Antunes L, Namorado S, Kislaya I, João Santos A, Rodrigues 
AP, et al. Oral hygiene habits in Portugal: results from the first Health 
Examination Survey (INSEF 2015). Acta Odontol Scand. 2019;77(5):334–
9. https://​doi.​org/​10.​1080/​00016​357.​2018.​15648​39.

	24.	 Salih MA, Ali RW, Nasir EF. Oral health status and associated factors 
among Sudanese older adults: A cross-sectional study. Gerodontology. 
2022;39(4):408–17. https://​doi.​org/​10.​1111/​ger.​12611.

	25.	 Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression. 
3rd ed. New York: Wiley; 2013.

	26.	 Cardim JC. O Sistema de Formação Profissional em Portugal. 2000. https://​
www.​cedef​op.​europa.​eu/​files/​7009_​pt.​pdf. Accessed 19 May 2024.

	27.	 Shen J, List S. Investigating Social Inequalities in Older Adults’ Denti-
tion and the Role of Dental Service Use in 14 European Countries. 
Eur J Health Econ. 2018;19(1):45–57. https://​doi.​org/​10.​1007/​
s10198-​016-​0866-2.

	28.	 Roberto LL, Crespo TS, Monteiro-Junior RS, Martins AMEBL, de Paula 
AMB, Ferreira EF, et al. Socio-demographic determinants of edentu-
lism in the elderly population: A systematic review and meta-analysis. 
Gerodontology. 2019;36(4):325–337. https://​doi.​org/​10.​1111/​ger.​12430.

	29.	 Botelho J, Machado V, Proença L, Alves R, Cavacas MA, Amaro L, et al. 
Study of Periodontal Health in Almada-Seixal (SoPHiAS): a cross-sec-
tional study in the Lisbon Metropolitan Area. Sci Rep. 2019;9(1):15538. 
https://​doi.​org/​10.​1038/​s41598-​019-​52116-6.

	30.	 Melo P, Marques S, Silva OM. Portuguese self-reported oral-hygiene 
habits and oral status. Int Dent J. 2017;67(3):139–47. https://​doi.​org/​10.​
1111/​idj.​12273.

	31.	 deAbreu MHNG, Cruz AJS, Borges-Oliveira AC, Martins RC, Mattos F. 
Perspectives on social and environmental determinants of oral health. 
Int J Environ Res Public Health. 2021;18(24):13429. https://​doi.​org/​10.​
3390/​ijerp​h1824​13429.

	32.	 Marya CM, Grover HS, Tandon S, Taneja P, Gupta A, Marya V. Gender-
wise comparison of oral health-related quality of life and its relation-
ship with periodontal status among the Indian elderly. J Indian Soc 
Periodontol. 2020;24(1):72–9. https://​doi.​org/​10.​4103/​jisp.​jisp_​156_​19.

	33.	 Rajeh MT. Gender differences in oral health knowledge and practices 
among adults in Jeddah. Saudi Arabia Clin Cosmet Investig Dent. 
2022;14:235–44. https://​doi.​org/​10.​2147/​CCIDE.​S3791​71.

	34.	 Khanagar SB, Al-Ehaideb A, Shivanna MM, Ul Haq I, Al Kheraif AA, Naik 
S, et al. Age-related oral changes and their impact on oral health-
related quality of life among frail elderly population: a review. J 
Contemp Dent Pract. 2020;21(11):1298–303.

	35.	 Koyama S, Saito M, Cable N, Ikeda T, Tsuji T, Noguchi T, et al. Examining 
the associations between oral health and social isolation: A cross-
national comparative study between Japan and England. Soc Sci Med. 
2021;277: 113895. https://​doi.​org/​10.​1016/j.​socsc​imed.​2021.​113895.

	36.	 Popescu DM, Onea R, Fiera Maglaviceanu C, Bataiosu M, Gheorghe DN, 
Rauten AM, Surlin P. Oral health, nutritional-related patterns and body 
mass index in children. Curr Health Sci J. 2021;47(4):575–80. https://​doi.​
org/​10.​12865/​CHSJ.​47.​04.​14.

	37.	 Dong J, Gong Y, Chu T, Wu L, Li S, Deng H, et al. Mendelian randomi-
zation highlights the causal association of obesity with periodontal 
diseases. J Clin Periodontol. 2022;49(7):662–71. https://​doi.​org/​10.​
1111/​jcpe.​13640.

	38.	 Taghat N, Lingström P, Mossberg K, Fändriks L, Eliasson B, Östberg AL. 
Oral health by obesity classification in young obese women - a cross-
sectional study. Acta Odontol Scand. 2022;80(8):596–604. https://​doi.​
org/​10.​1080/​00016​357.​2022.​20639​42.

	39.	 Ford PJ, Rich AM. Tobacco Use and Oral Health. Addiction. 
2021;116(12):3531–40. https://​doi.​org/​10.​1111/​add.​15513.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.ine.pt/xurl/pub/65586079
https://doi.org/10.1111/idj.12360
https://doi.org/10.3390/geriatrics6030076
https://doi.org/10.1177/0022034515586352
https://doi.org/10.1177/0022034515586352
https://doi.org/10.1177/0022034514557546
https://doi.org/10.1177/0022034514557546
https://doi.org/10.1177/0022034514553978
https://doi.org/10.1111/odi.12168
https://doi.org/10.1016/j.cden.2020.11.004
https://doi.org/10.1016/j.cden.2020.11.004
https://doi.org/10.1590/1807-3107bor-2022.vol36.0088
https://doi.org/10.1590/1807-3107bor-2022.vol36.0088
https://doi.org/10.1186/s12939-017-0529-7
https://doi.org/10.1186/s12939-017-0529-7
https://doi.org/10.4103/jispcd.JISPCD_184_21
https://doi.org/10.4103/jispcd.JISPCD_184_21
https://doi.org/10.1186/s12889-017-4443-0
https://doi.org/10.1177/0022034520935854
https://doi.org/10.1177/0022034520935854
https://doi.org/10.2188/jea.JE20170247
https://doi.org/10.1016/j.healthpol.2018.07.013
https://doi.org/10.1016/j.healthpol.2018.07.013
https://doi.org/10.20344/amp.9817
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1080/00016357.2018.1564839
https://doi.org/10.1111/ger.12611
https://www.cedefop.europa.eu/files/7009_pt.pdf
https://www.cedefop.europa.eu/files/7009_pt.pdf
https://doi.org/10.1007/s10198-016-0866-2
https://doi.org/10.1007/s10198-016-0866-2
https://doi.org/10.1111/ger.12430
https://doi.org/10.1038/s41598-019-52116-6
https://doi.org/10.1111/idj.12273
https://doi.org/10.1111/idj.12273
https://doi.org/10.3390/ijerph182413429
https://doi.org/10.3390/ijerph182413429
https://doi.org/10.4103/jisp.jisp_156_19
https://doi.org/10.2147/CCIDE.S379171
https://doi.org/10.1016/j.socscimed.2021.113895
https://doi.org/10.12865/CHSJ.47.04.14
https://doi.org/10.12865/CHSJ.47.04.14
https://doi.org/10.1111/jcpe.13640
https://doi.org/10.1111/jcpe.13640
https://doi.org/10.1080/00016357.2022.2063942
https://doi.org/10.1080/00016357.2022.2063942
https://doi.org/10.1111/add.15513

	Socio-economic inequalities in oral health among Portuguese older adults: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and participants
	Data colletion
	Socio-economic and demographic characteristics
	General health-related characteristics
	Oral health indicators (Dependent variables)
	Data analysis


	Results
	Association between education level and oral health
	Association between income perception and oral health
	Association between number of private sector appointments and oral health

	Discussion
	Conclusions
	Acknowledgements
	References


